Sample preparation
All solutions for screening and titration experiments were prepared in 20 mM TRIS buffer with 150 mM NaCl, 5 mM MgCl2, and 1 mM TCEP. Stock solutions were prepared in d6-DMSO containing 150 mM vanillic acid diethylamide (Sigma-Aldrich, purity >98%), 150 mM 2-amino-4-chloro-pyrimidine (Fluorochem, purity > 97%), 150 mM 2-aminopyrimidine (Acros, purity 98%), 400 mM 3-hydroxyindazole, 400 mM 7-methyl-3,4-dihydrothieno[3,2-d]pyrimidine-4-one and 400 mM 3-bromo-5-methyl-pyridine-2-ylamine from Astex' fragment library. For ADP (Sigma-Aldrich, as sodium salt hydrate from bacterial source, purity > 95 %), a 150 mM stock solution was prepared in 20 mM TRIS buffer with 150 mM NaCl, 5 mM MgCl2, and 1 mM TCEP. A hexahistidine-tagged N-terminal fragment (9-224) of HSP90 was cloned into a pET28 vector and expressed in E.Coli BL21 (DE3). The expressed protein was retained on a Ni 2+ affinity column, followed by cleavage of the His tag using thrombin and purification on a Superdex75 gel filtration column. The final buffer used contained 20 mM TRIS-HCl, pH7.4, 150 mM NaCl with 1 mM -ME.
Experimental procedures
The direct titration of ADP (ligand I) against Hsp90 was performed by adding 2-5 μL aliquots of ADP stock solution to 400 μL of a 10 μM solution of Hsp90. Titrations of ligands II and IV were carried out with the same procedure. where pulses with flip angles of π/2, π/4 (45°) and π are indicated by white, grey and black rectangles, respectively. For a system comprising two non-equivalents spins I = ½ and S = ½ with a chemical shift difference ΔνIS = (ΩI -Ωs)/2π and a scalar coupling constant JIS, the intervals τ1 and τ2 must be set to:
At the beginning of the experiment, a π/2 pulse followed by a pulsed field gradient along the z axis were applied to suppress the magnetization. A weak water presaturation pulse lasting 3 s was applied in the subsequent recovery delay. During the sustaining delay 1.2 s < τm < 3.5 s (chosen depending on the expected the constant TLLS = 1/RLLS), continuous-wave radio-frequency (rf) irradiation was applied, with the carrier set half-way between the two chemical shifts, Ωcarrier = (ΩI+Ωs)/2, in order to make the spins magnetically equivalent in the sense of average Hamiltonian theory. Two pulse field gradients were applied during the two τ2 delays in order to dephase double quantum coherences. The acquisition time was 2.2 s. The phase cycle was Φ1 = (x,-x), Φ2 = (y,y,-y,-y), Φ3 = (y) and Φreceiver = (x,-x,-x,x). The number of scans was chosen according to the concentration. For example, during screening experiments with 500 µM of spy ligand, 64 scans were accumulated, thus requiring 10 minutes per sample. The rates RLLS were obtained from the ratio of the signal intensities observed using two different sustaining delays a and b, repeating each of them twice in order to compare four pairs of signal intensities Ia(a) -Ib(a):
Typically, we used a = 0.5 s and b in the vicinity of the estimated value of TLLS = 1/RLLS.
LLS titration of a spy molecule
The LLS titration of the spy molecule without competitor was carried out by addition of aliquots of a stock solution of 150 mM vanillic acid diethylamide in DMSO to 400 μL of a 10 μM solution of Hsp90 protein in the buffer described above. The contrast CLLS was determined after sustaining the LLS for a = 0.5 s and 1.0 < b < 2.5 s. 
Fitting procedure
The relaxation rates measured during the titrations were fitted to the following equation:
where 
where is the dissociation constant of the competitor and [ ] is the concentration of the competitor.
The errors (root-mean-square deviations) were estimated from the four pairs of signal intensities obtained using two different sustaining delays a and b and repeating each experiment twice.
